VETHOD FOR DETECTI NG A COATI NG MATERI AL ON A SUBSTRATE Fi el d of the

| nvention This invention relates to a nethod for detection of a coating
material 5 on a substrate and nore partjcularly to a method for detecting
and/ or distinguishing the : > 9 ; ity preservative
on a copper substrate. des@ﬁﬁpgﬁlgl opper surfaces
oxi di ze on exposure to air and MATERIZ NA SEBSTRATERI Ng copper hydr oxi de
and vari ous other copper conpounds. Even i nvi s bl y 10 thin coatings of

~ this patina are sufficient to interfere with the ability of solder to wet

and forma boWr surface. Surface oxidation renders a copper
substrate non- unusabl e. Hence, newly etched copper used in
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of i m dazol e as an organic solderability preservative ("hereinafter, 15
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work by form ng a conplex with copper, which prevents further surface
oxi dation without dim n| Shl ng the sol derability of the surface. 20
Det ecti on of bime Retiete ADr red | mMmedi ately after the

Bare copper surfaces oxidize on exposure to air and develop a patina
containing copper hydroxide and various other copper compounds. Even invisibly

10 thin coatings of this patina are sufficient to interfere with the ability of solder to
wet and form a bond with the copper surface. Surface oxidation renders a copper
substrate non-solderable, and unusable. Hence, newly etched copper used in |
electronic circuit boards is coated with a solderability preservative.

Use of imidazole as. an organic solderability preservative ("hereinafter,

15 "OSP") is described in U.S. Patent No. 4,373,656, herein incorporated by
reference. Other OSP's are also known and include various azole derivatives such
as benzimidazole, benzotriazole, and alky! imidazoles. OSP's generally work by
forming a complex with copper, which prevents further surface oxidation without
diminishing the solderability of the surface. '

20 - Detection of the OSP should be performed immediately after the
coating process as a process i:ontrol step, or in the field prior to the soldering
process. One problem arises from the fact that the OSP coating is present in very
low quantities. Very often, the OSP coating has a thickness of only one
monomolecular layer of OSP-copper complex.

25 A large percentage of the printed circuit. boards currently being used
are coated with imidazole. Imidazole deposition is a delicate process which would
be dramatically improved with a detection technique used as a process monitoring

- tool. Such a techmque should meet three criteria: it should be non-destructive, it
should be sensmve enough to detect minute levels of the OSP, and it should be
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coating process as a process control step, or in the field prior to the
sol dering process. One problemarises fromthe fact that the OSP coating is
present in very low quantities. Very often, the OSP coating has a thickness
of only one nononol ecul ar | ayer of OSP-copper conplex. 25 A
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noni toring topfocedureh a techni que should neet three criteria: it should be

non-destructive, it should be sensitive enough to detect mnute | evels of
the OSP, and it shoul dVBEous attemptsihayg %mp&ﬁ%m%tﬁﬂcmﬁpﬁpdtﬂ'm ng of

t he personnel e

been’ made o hEcat Bfiighet %?EPEWC ] R L T
quartz cryst aviscmety, wpeémépntnsmmaﬁm@bgonmm Yandelectiothériichl methods

spectroscopy, ESR techni ques, XPS, IR, and_el ectrochem cal nethods such as

vol tametry, SushPsrwalammersy, jensammetsyl, and SERS, Chemirally, imidagole, basbesat ect ed
by its reactigheubd By SRFEYcticA Wit BiSxy. EaSdtnas OTatsBice WHSOSP 185 R6 been

detected by nitric acid and silver nitrate drop tests.

Many of these methods do not meet the above criteria for a non-

10 destructive, sensitive method which is easily learned by new personnel. Some of
the methods require years of advanced study to properly perform the tests and
accurately interpret the results with acceptable efficiency. Also, some of the
methods mentioned aboire are for use in aqueous solutions which requife a
significant area of sample preparation relative to the surface area. of the printed

15 wiring product. | | |

- We have discovered an improved technique for detecting an OSP
coating especially imidazole on copper. The method is non-destructive, sensitive
enough to detect monomolecular layers of coating, and employs relatively simple
instrumentation with which a high level of operator skill can be acquired in a

20 matter of hours. The technique is both simple and accurate and may be broadly
applied to various types of coating materials and substrates.

Summary of The Invention
A method for detecting the presence of a coating material, especially

an organic solderab_ﬂity- preservative, on a substrate is disclosed herein. The

25 method includes the steps of placing a droplet of test liquid on the surface of the
substrate (e.g. a copper surface), and comi)aring a surface feature of the droplet
against a predetermined standard. Generally, an image is formed of the droplet
and the contact angle defined by the wall of the droplet and the surface of the metal
substrate is measured and compared with known values of contact angles for the



detected by nitric acid and silver nitrate drop tests. Many of these

net hods do not neet the above criteria for a non- 10 destructive,
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coating, and ys relatively sinple instrunentation with which a high

| evel of operafor skill can be acquired in a 20 matter of hours. The
technique is both sinple and accurate and may be broadly applied to various

types of coating g substrates. Summary of the Invention A
net hod f or Sde EEISURESCEIRHOR Ok ANCMIAWINGS coat i ng material, especial ly an
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25 nmethod incl udes th?igf gplgao@% acl %‘8 rop fg? dof es m%%‘aéﬁktgﬁe
surface of tha methissubstrate(e. g. a copper surface), and conparing a surface

feature of the droplet against a predeterm ned standard. Cenerally, an
image is fornmed of the droplet '

Detailed Descrintion of Preferred Embodiment(s
The method of the present invention relies on the fact that the surface

10 featres of a droplet of liquid vary depending on the surface of the substrate upon
which the droplet is placed. The method includes the steps of placing a droplet of
test liquid on the surface of the substrate (e.g. a copper surface), and comparing a
surface feature of the droplet against a predetermined standard. Generaily, an
image is formed of the droplet and the contact angle defined by the wall of the

15 droplet and the surface of the metal substrate is measured and compared with
known values of contact angles for the particular coating material and bare
substrate surface. The contact angle is a convenient surface feature to examine to

achieve a quantifiable determination.
Because this method is especially advantageous for measuring OSP,
20 especially imidazole, on copper substrates used in printed circuit boards, the
method will be described in terms of imidazole coatings on copper. However, it
should be understood that the present method can be used to detect other OSP's and
should not be limited to copper substrates. Other azole derivatives useful as OSPs
include benzotriazole, benzimidazole, 2-methyl benzimidazole, 2-phenylimidazole,
25 . and alkyl imidazoles such as 2-undecyl imidazole and 2-heptadecyl imidazole.
Other metal substrates can be iron or aluminum.
The first step of the method is to dispense a droplet of water on the
copper surface to be tested. The droplet preferably has a volume of from about
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and the contact angle defined by the wall of the droplet and the surface of
the nmetal substrate is neasured and conpared wi th known val ues of contact
angl es for the -3- particular coating nmaterial and bare substrate
surface. The nethod is particularly applicgble to imdazole coated copper
substrates used for printed circuits. Other organic solderability

preservatives S . e t ' rein. 5 Brief
Descri ption 8%@@3@%8@%}& ﬁ?@%@%@ﬁ%ﬂ#&?@?ﬁ%&@@%&t ion of the
i maged test dmigrotiter§and MBstpreferddly froircabduetlos keabdue 205 i micrlte®! Sk £ r ed
Enbodi ment (s) The nethod of the present_ invention relies on the fact that

. p (ent, . I
‘the surface 1dropleticands dispensed, by,means,of 3 micxolitey syringe p dypically enlQOhe

surface of the.guhstr.al. We Ees Sl o St ] h

el udes ¢ he. SHONRS St Rl it bihetids 1 offinke nfty s be ARBIGTED. b
the substr gt enéedl®preferablyiieis as90% beve) at thedipconalivw goodicantsidt deewdenaher € of

t he dropl et ag;ai nst aéﬁ)redeterm ned standard. Cenerally, an inmage is forned

of the dropl efrapiay anddhe sunfacetto hejestedicand the batrel akthgnepdleris hald
perpendicular to the sample surface. The volume of the dispensed droplet may be

easily controlled using a repeater'd_ispenser, which allows the rotation of a screw to
activate the syringe plungér. Approximately 1.5 microliters of fluid is dispensed

10 from the syringe _while the sample surface is not in proximity of the droplet. The
droplet will hang from the syringe at this point. The surface is then slowly brought
into contact with the bottom of the droplet surface by actuating a positioner on
which the sample rests. An additional 0.5 microliters of fluid is then dispensed,
after which the sample is lowered.

15 Preferably, deionized watér is used, although ordinary tap water may
also be used. Optionally, other liquids such as glycerol may be used instead of

~water. Use of liquids other than water, while still yielding a detectable difference

between a bare clean _:;opper and OSP-coated copper, will resuit in different
absolute contact angles.

éo Detection of imidazole on the copper surface is performed by
measuring the contact angle of the droplet with the copper surface. This is
preferably accomplished through visual inspection by forming an image of the
droplet with any appropriate combination of optics and visually measuring the
contact angles of the droplet.as depicted in-the image. The measurements are

25 preferably made within 30 seconds of dispensing the test droplet.

Referring to FIG. 1, a diagrammatic illustration of the imaged test
droplét D is shown deposited on the surface of substrate S. Angles A and B are
the contact angles as defined by the angle between the surface of the substrate and
a line tangent to the surface of the droplet at the point where the droplet contacts

30 - the surface of the substrate. -Under ideal conditions angles A and B should be



15 droplet and the surface of the netal substrate is nmeasured and conpared
w th khown val ues of contact angles for the particular coating material and
Bare substrate surface. The contact angle is a convenient surface feature
to exanm ne to achieve a quantifiable detergination. Because this nethod is
especi al |y advant ageous for measuring OSP, 20 especially i m dazol e, on

copper substr

described in 1é @m%@?ﬁﬂyggwgﬁgﬁ on cogpe Hﬁ&% se%"hélﬁbul d be
under st ood t hdeviatien pf&xeemrfmetftmdactam hn'mnmﬂpbﬂtxdmbeﬁonmrhelﬂaﬁé& s and
shoul d not be limted to copper substr her zole erjiv |ves useful
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2- phenyl i m dagtfnila angfiad mmg Qdos | Ie and
2- hept adecy!l |m zolazlg Och‘gé met Wﬁa%stratalzgq@g%%g&eﬂ?égﬁ%aa %gﬁ’am The
first stepSof oppasitessidesd i s to di spense a droplet of water on the copper
surface to be tested. The droplet preferably has a volunme of from about

-4- 0.1 to about 30 mcroliters, nore preferably fromabout 0.5 to about 10

mcroliters, E‘Hnﬁﬂét preferably fromabout 1.5 to about 2.5 microliters.
Such a ° '

In the examples set forth below the samples of imidazole coated
copper-and bare copper were prepared shortly before performing the test. The
longer the time interval between sample preparation and subsequent testing, the

10 more inaccurady is introduced. Freshly prepared saniples avoid complications
~ caused by oxidation of the bare copper and modification of the coating by
complexing or other procésses. Accordingly, to achieve the most accurate and
consistent resuits testing should be performed within about 30 minutes from sample
preparation and more preferably within 5 to 20 minutes.

15 Example 1
A freshly etched copper surface was coated with imidazole in a

manner similar to that described in U.S. Patent No. 4,373,656. This test was
performed within 5-10 minutes after imidazole coating and was carried out under
ambient laboratory conditions 25°C and 50% relative humidity. A droplet of

20 deionized water approximately two microliters in size was placed on the imidazole
coated copper surface and an image of the droplet was obtained by using a video
contact angle system designated as VCA 2000, which is available from Advanced
Surface Technology, Inc. located at Nine Linnell Circle, Billeriéa, MA 01821-
3902. Standard operaung parameters were used. Left and right contact angles

25 were observed to insure symmetry of the droplet. This testing procedure was
performed a number of times sufficient to obtain a statistically relevant average
measurement at 95% confidence levels. The mean contact angle is set forth below
in Table I. '
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dropl et can be di spensed by neans of a microliter syringe. Typically a 100
mcroliter syringe is used, but other sizes of syringe may al so be

énpl oyed. The 5 needl e preferably has a.[err] bevel at the tip to allow
good contact between the droplet and the sy face to be tested, and the
barrel of the needle is held perpendicular to the sanple surface The

vol unme of the gl d droplet may.be easily controlled using a repeater
di spenser, whi Wws the rotation of a screwto activate the syringe

pl unger. Approxi mat el y Bare uncoated samples ofcéppcrdversptbpamﬂrlbedoﬂtﬁanédnom t he

syringe while the sa esurfae I S not roxim of the droplet The
dropl et will P8BS HE“’%‘F ﬁ@EPeéts“’Efﬁ?ess rﬂfepat'gﬂe by, @ standar

actuating & pn G alaing tipbing U7 (0 LhiRk Samblaip] ?J@?@%E‘?‘ﬁﬁ@*ﬂ

m croliters ofthé ordet gxmn,tfenonb yirute dml eachf bathi: whi ch the sanple is | owered.

15 Pr ef erabl y, deionize ter.is uat al though ordinary tap
wat er may al so be used. Cptl’aﬂ’&lqg/ Pt sodiyam; @!ﬁ?ﬁ@}& ipdeionizeday be
used i nstead ter. Use of liquids other than water, while still

yi el ding a detectable difference between a bare clean copper and OSP-coat ed

copper, will result in 2liffeDippinginsdeioizedwatenct angles. 20
Det ecti on of im dazole on the copper surface i erforned by neasuring the
contact angle of the drdpl et Digping inpm ‘&ﬁ‘é é@““%?%mp‘és‘ﬂgéf- fbsiafy

~acconpl i shed tRhRH4Y Bex’éhﬁki@'pei' RERGE bt QQtePXlefdoit"ﬂbBGt G6°F Wit nitd adiBfion.
4. Dipping in deionized water.
S. Stabilization by dipping in a bath comprising 50% deionized
water and 50% stock solution of 68.6 grams of 85% phosphoric acid solution, 1.5
grams ethylene glycol, and 23.9 grams distilled water.
15 6. Dipping in deionized water.
- 7. Drying in warm air.
The uncoated copper surfaces were tested within 5-10 minutes of their
‘preparation using dejonized water with the technique and equipment and under the
same laboratory conditions as set forth above with respect to Example 1. A
20 sufficient number of samples were prepared and tested to obtain a etatistically
relevant average measurement at 95% confidence level. The mean contact angle is
set forth below in Table I.
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droplet with any appropriate conbi nation of optics and visually measuring
the contact angles of the droplet as depicted in the i mge. The
measurenents are 25 preferably nmade wi.thin 30 seconds of dispensing the
test droplet. Referring to FIG 1, a diagrammtic illustration of the

| maged test droplet Dis shown deposited on the surface of substrate S.
Angles A and B are the contact angles a fned by the angl e between the
surface of the substrate and a line tang:@(ril’?‘{o the surface of the dropl et
at the point where the dropl et Csntacttingle Medsaremeritace of the substrate.
Under ideal conditions angles A and B shoul d be -5- equal . However, |ack

of droplet symmetry may be caused mﬂﬂ% devi ati on of the surface
froma true horizontal position or. fromtrue atness. Under such

condi tions the shape of the droplet may be skewed, thereby resulting in

di ssimlar angles. Accordingly, it is advisable to neasure the contact

angl es on 5 opposije, sides. I.n the exanpl eg et, forth below the sanples of

i m dazol e coatett B‘fir'per and bare copper we 4. pre ed shortly before
perform ngSt e mdonger the tine interval between sanple
preparation aedppe)sequent testing, the :

Example 2 258 + 4.5°
(uncoated copper) : '

As can be seen from the above Examples, the inﬁdazole coated copper
10 surface results in é substantially different contact angle than bare copper with the
use of deionized water as the test droplet. As mentioned above, different test
liquids and OSP's prdduce different characteristic contact angles. These
characteristic angles can be determined beforehand by standardized measurements,
then used to detect and distinguish OSPs on copper surfaces by a simple measuring
15 procedure. B . .
Although -the subject invention has been described with respect to
preferred embodiments, it will be readily apparent to those having ordinary skill in
the art to which it appertains that changes and modifications may be made thereto
without departing from the spirit or scope of the subject invention as defined by the
20 appe:i’ded claims. |



10 nore inaccuracy is |ntr prepared sanpl es av0|d
conplications caused by o m a“E ! are copper g Foch-] At
t'he coating by conpl exi ng es. Accordi

~nmost accurate and consistent results testi ng shoul.d bg

m nutes. 15 Exanple 1 A freshly etched copper surface was coated vmth
imidazole in a manner sinilar to that described in U S. Patent No.
4,373, 656. Thi Llaims: was perforned within 5-10 minutes after inidazole

coating and was carrI eq, QUnehBd F daBRkMY the bARGKCR PR ) ofi@iinhieARSod £'shifadnd

50% relative hu L A droplet of 20 ~ deionized water approximtely two
mcroliters in ;‘}Pﬁ’@é‘a‘ngn t he i m dazol e coated copper surface and

an i mage of the dr opl eta)vmacm)g)hardpw&ﬁquMhastaﬂ:leGﬂﬂfsﬁlﬁﬁtmw%&dﬁqﬁtem

designated a 0 V\hl Adv ed .Surface . _
Technor ogy, - neRERIREIFZA Ry hEofieh asdle RenkPy RmARiNE Sharn Aifspig sorfass o
St andar d operatdflsgdrsabsn'm,cand wer e used Left and r| ght contact angles 25

wer e observed to insur ey SNk SQ&CE{‘}?‘?H‘“@% et. This testing procedure was

performed a nunber of ti'nmes Su tain a statistically rel evant
aver age neasurenent at 95% confidence | evels. The nean contact angle is set

forth below in Table I3, A method for detecting the presence of a layer of coating material on a
surface of a substrate, comprising:
10 a) placing a droplet of test liquid on said substrate;
b) obtaining an image of said droplet; and
c¢) comparing a surface feature of said droplet with a predetermined

standard.

3. The method of claim 1, or 2, wherein said substrate comprises a metal
15 selected from the group consisting of copper, iron, and aluminum.

4. The method of claim 1, or 2, wherein said coating material comprises
imidazole.

S. The method of claim 1, or 2, wherein said coating material is an
organic solderability preservative selected from the group consisting of imidazole,
20 benzotriazole, benzimidazole, 2-methyl benzimidazole, 2-phenylimidazole, and alkyl

imidazole.

6. The method of claiml, or 2, wherein said droplet of liquid has a:
volume of from about 0.1 to about 30 microliters.

7. The method of claim 1, or 2, wherein said liquid is either selected
25 from water and glycerol, or is deionized water.

8. The method of claim 1, further comprising the step of obtaining an
image of said drop wherein said measuring said contact angle comprises measuring
the angle between the surface of said substrate and a line tangent to a surface of suaid

droplet at a point where the droplet contacts the surface of the substrate.
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ncoat ed sarrpl es of copper were prepared for conparison
repar‘___i_n_%_ji standard_ et chi ng

d| pp| séi\g gnpl elli pufghe foll OWI _n
solutions, in 5 the order |veJ'iq ute |’n each bath: 1“‘

Dipping in 5 wt%sodl um hydroxi de (NaOH) ingdei oni‘zeg=wat-er .- 2i— ppi ng

in deioni zed wat er.

Dipping in a mld aqueous etch sol ution

conprising 1.5 | bs of 10" sodi umc{)ersulfate per gallon of water held at

about [err] with nild fgikheamesho

of claim hgs2, wherein spid enating aajgsiabis 5.

Stabilization RybsthiRilRh mBnémééllarcia %@)ﬁh%lh@l?he%.@% dei oni zed water and 50%

stock solution of 68.6 grans of 85%p

osphoric acid solution, 7.5 grans

ethyl ene glycol, and 23.9 grans distilled water. 15 6.
D pping in deionized wao.efrhememod ofclliijgvhefamsaidammparﬂga suitfa08 Feadurs opper

surfaces were test

.5-10 ninutes

sdid cﬁ'opm compnses measuring a con?act angFI‘e defined by a wall of said droplet

5 and said surface of said substrate and comparing the measured contact angle with

known values of contact angles for the coating material.

11. A method for detecting the presence of a layer of an organic

solderability preservative on a surface of a copper substrate, comprising:

10

a) placing a droplet of test liquid on the surface of the copper substrate;
b) obtaining an image of the droplet;
¢) measuring the contact angle defined by the wall of the droplet and the

surface of the copper substrate; and

d) comparing the measured value of the contact angle with a

predetermined standard comprising known values of contact angles.

15

12. The method of claim 11, wherein said organic solderability

preservative is imidazole.
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preparation using deionized water with the techni que and equi : -
under the sane | aboratory conditions as set forth above w tjhTiespeHT HAS BEEN
Exanple 1. A 2 0 sufficient nunber of sanples were prepareq and ReBLRCUEDO 1

obtain a statistically rel evant ‘average f®asurenent at 95%cerREFgeRce——
| evel . The nean contact angl e |s set forth beI ow in TabI e l. -7- Table
Cont act Angl e Measur enent SMEe : : .

25.8
[err] (uncoated copper) As U:‘- ' SRt wdEl-xanpl es, the

I m dazol e coated copper 10 surface resul tsin a substantlal ly different
contact angle than bare copper with the use of deionized water as the test
droplet. As nilistigeed above, different test

A method for detecting the presence of a coating material, particularly
S an organic solderability preservative, such as imidazole, on a copper substrate
includes placing a test droplei on the surface of the substrate, forming an image of
the droplet and measuring the contact angle between the wall of the droplet and the
surface of the substrate.

\
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| i qui ds and OSFP' s produce different characteristic contact angles. These
characteristic angles can be determ ned beforehand by standardi zed
mreasurenments, then used to detect and di stinguyjsh OSPs T

by a sinple neasuring 15 procedure. Althougﬁyhhe subj
been described with respect to preferred enbodi nents,
apparent to those having ordinary skill in the art to Ich it appertains

t hat changes and nodifications may be nmade thereto w thout departing from
the spirit or scope of the subject invention as defined by the 2 0 appended
cl ai ns. -8 - WHAT IS CLAIMED IS 1. In conbination with a process for
coating a copper substrate with a layer of organic solderability
preservative for making a printed circuit board; a nethod of nonitoring
sai d process for control thereof by detecting the presence of the organic
sol derability preservative on a surface of the copper substrate, conprising

A
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a). placing a droplet of liquid on the surface of said substrate, said drop
bei ng characterized by a contact angle defined by a wall of said drop and
said surface of said substrate; and b) neasuring sai : : The
met hod of claim 1, wherein said coating material conmir RERSAGEMERT GHEETS
-The nmethod of claim1, wherein said organic sol derabill ity preservative
sel ected from the group consisting of i ni dazol e, || Dabbedl bt APRAS96:. .
"benzi m dazol e, 2-met hyl benzi mi dazdle, 2-phenyl i nildazete—and-at
i m dazole. 4. The nethod of claim1, wherein said droplet of liquid has a
vol ume of from about 0.1 to about 30 mcroliters. 5. The nethod of claim1,
wherein said liquid is selected fromthe group consisting of water and
glycerol. 6. The nethod of claim 1, wherein said liquid is deionized water.
7. The nethod of claiml1, further conprising the step of obtaining an inmge
of said drop wherein said neasuring said contact angle conprises neasuring
t he angl e between t he surface of
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s4ai d substrate and a line tangent to a surface of said dro
where the dropl et contacts the surface of the substrate. 8|
claim1l1, wherein said coating material is substantially a
| ayer in thickness. -9- 9. In conmbination with a proces
copper substrate with a |ayer of organlc solderablllty pre
making a printed circuit b : fCT . 5
control thereof by detecting coating materi al
a surface of the copper substr ing a droplet of
test liquid on said substrate; b) obtaining an i nage of said droplet; and
c) conparing a surface feature of said droplet with a predeterm ned
standard. 10. AjRfi-apet hod of claim9 wherein said conparing a

on

A method for detecting the presence of a coating material, particularly
an organic solderability preservative, .such as imidazole, on a copper substrate
includes placing a test droplet on the surface of the substrate, forming an image of
the droplet and measuring the contact angle between the wall of the droplet and the
surface of the substrate.

Fig. 1
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surface feature of sai pl et conpri ses measur i ng a contact an
by a wall gm\ “ m“ \l&wd said surface of said substrate and corrparl ng
t he nmeasur th known val ues of contact HnNgLes Tof

coating matérial . 11. The method of claim9, wherein saifl & W%’I&HEH
conprises inidazole. 12. The method of claim9, wherein faid QohtNGW 996
material is an organi c solderability pre8efvative sel ect k%% om-t- -Re..gr.oup.

consi sting of imdazole, benzotriazole, benzim dazole, 2-nethy

benzi m daz gazol e, and al kyl imdazole. 13. The nethod of

claim?9, %TZIEP x lg1E%‘t-"of liquid has a volune of fromabout 0.1 to

about 30 mcroliters. 14. The nethod of claim9, wherein said liquid is

sel ected fromthe groupicansesibitgtabnweite! aapbaglsCesdlcoat bng Eheoppéhod of

claim9, whgne IS dei : im9,
ShGk k- ¢hibh A 1%9& qucgfsqa%% é\? &érab]l 11-_%0"&%%%%%% £bf

wherein said coating materi ant | nono l'ayer I n
t hi ckness. making a :mlnted circuit board; a method of monitoring sald

process for control thereof by detecting the presence of the
organic solderability preservative on a surface of the copper
substrate, comprising :

a) placing a droplet of liquid on the surface of
said substrate, said drop being characterized by a contact angle
defined by a wall of said drop and said surface of said substrate;
and '

b) measuring said contact angle.

2. The method of claim 1, wherein said coating
material comprises imidazole.

3. The method of c¢laim 1, wherein said organic
solderability preservative is selected from the group consiéting
of imidazole, benzotriazole, benzimidazole, 2-méthy1
benzimidazole, 2-phenylimidazole, and alkyl imidazole.

4. The method of claim 1, wherein said droplet of
liquid has a volume of from about 0.1 to about 30 microliters.

5. The method of claim 1, wherein said liquid is
selected from the group consisting of water and glycerol.

6. The method of claim 1, wherein said liquid is
deionized water.

7. The method of c¢laim 1, further comprising the step
of obtaining an image of said drop wherein said measuring said
contact aﬁgle comprises measuring the angle between the surface of
said substrate and a line tangent to a surface of said droplet at
a point where the droplet contacts the surface of the substrate.

8. The wmethod of c¢laim 1, wherein said coating
material is substantially a monomolecular layer in thickness.
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of organic
coating mater1a1 on a surface of the copper substrate,

comprising :
a) placing a droplet of test liquid on said
substrate;
' b) obtaining an image of said droplet; and
c) comparing a surface feature of said droplet
with a predetermined standard.

10. The method of c¢laim 9 wherein said comparing a
surface feature of said droplet comprises measuring a contact
angle defined by a wall of said droplet and said surface of said
substrate and comparing the measured contact angle with known
values of contact angles for the coating material.

11. The method of claim 9, wherein said coating
material comprises imidazole.

12. The method of c¢laim 9, wherein said coating
material is an organic solderability preservative selected from
the group consisting of imidazole, benzotriazole, benzimidazole,
2-methyl benzimidazole, 2-phenylimidazole, and alkyl imidazole.

13. The method of claim 9, wherein said droplet of
liquid has a volume of from about 0.1 to about 30 microliters.

14. The method of claim 9, wherein said liguid is
selected from the group consisting of water and glycerol.

15. The method of claim 9, wherein said liquid is
deionized water.

16. The method of claim 9, wherein said coating
material is substantially a monomolecular layer in thickness.
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solderability preservative for making a printed circuit board, a
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method for monitoring said process for control thereof by
detecting the presence of a layer of the organic solderability
preservative on the surface of the copper substrate, comprising :

a) placing a droplet of test liquid on the
surface of the copper substrate;

b) obtaining an image of the droplet;

¢) measuring the contact angle defined by the
wall of the dropiet and the surface of the copper substrate; and

d) comparing the measured value of the contact
angle with a predetermined standard comprising known values of
contact angles.

18. The method of claim 17 wherein said organic
solderability preservative is imidazole.

19. A method of monitoring a process for coating a
copper substrate with a 1layer of organic solderability
preservative, comprising :

a) providing a copper sheet;

b) etching a surface of said copper sheet;

c) coating said copper surface with an organic
solderability preservative}

d) placing a droplet of test liquid on said
coated surface within 10 minutes after coating said copper
substrate;

e} obtaining an image of the droplet;

f) measuring the contact angle defined by a wall
of the droplet and the coated surface within about 30 seconds
after placing said droplet on said coated substrate; and

g) comparing the measured value of the contact-
angle with a predetermined standard comprising known wvalues of
contact angles.

20. The method of claim 19 wherein said organic
solderability preservative is imidazole.
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is selected from the group consisting of water and glycerol.

22. The method claim 19 wherein said droplet has a
volume of from about 0.1 to about 30 microliters.

23. The method of claim 19 wherein said step of
measuring the contact angle comprises measuring both a 1left
contact angle and a right contact angle on said image.of the
droplet wherein said image is obtained from a video observation
' system.

24. The method of claim 19 wherein said process is for
making a printed circuit board.



